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THE ULTIMATE INTERNAL COMBUSTION MOTOR. 
PERHAPS the truest thing that can be said by way 
of a review of present practice in the design of auto­
mobile motors is that we are drawing to the close of 
a period of empirical construction and entering upon 
a period of systematic research. The principal need 
of the designer at the present time is for the kind of 
information which the steam engineer derives from his 
steam tables, and, speaking of the well defined field 
covered by the power equipment of the self-propelled 
vehicle, the indications are that in the present state 
of our knowledge no structural changes of a radical 
character are probable, or even possible, even in the 
event of a failure of the gasoline supply, and that fur­
ther gains in thermal efficiency can only result from a 
more thorough study of the physical and chemical 
changes which occur in the working fluid from the 
moment that it enters the carbureter to the moment 
when it leaves the exhaust. 
There is no intention in putting forward these prop­
ositions to claim finality of design for the existing-type 
of motor nor to minimize the importance of the fuel 
issue. They simply represent the facts. It is signifi­
cant, for instance, that although the high compression 
alcohol motor has a thermal efficiency of over 30 per 
cent, and alcohol is cheaper on the Continent than 
gasoline, there has been practically no attempt in 
France or in Germany to install this type of power 
piant in the automobile. It is equally significant that 
the Automobile Club of France is now offering a prize 
of 40,000 francs, not for a suitable equip1llent to burn 
alcohol, but for a "cheap fuel for general use and for 
a suitable device for its gasification, which must both 
be adaptable to all motor systems." 
LIMITATIONS TO CHANGE IN ENGINE DESIGN. 
The fact of the matter is that the present type of 
automobile motor is the outcome of a number of deter­
mining conditions {)f which the necessity of using gaso­
liNe was only one, and the current impression that it 
is the low pre-ignition temperature of gasoline and air 
mixtures that has prevented the use of high compres­
sions is only partially correct. There are other rea­
sons which are just as cogent. One of them is that 
the high-pressure. motor is not suited for lay use. In 
inexperienced hands the compression is apt to be lost, 
owing to the piston rings and valves giving out through 
want of attention. Another is that the high-pressure 
motor is a violation of the accepted canon of automo­
bile design that power must be sought in the direction 
of speed and not in the direction of weight. Still an­
other objection, and, perhaps, the most important of 
all, is that it is difficult to the verge of impossibility 
to control the ignition of a high-speed motor under 
conditions of varying load, unless the quality of the 
mixture can be depended on to be absolutely the same 
at all speeds. Where the fuel is vaporized by the in­
going air this condition is rarely attainable. The same 
trouble is experienced with the higli compression suc­
tion producer engine. Here it is the percentage of free 
hydrogen in the producer gas which varies with the 
speed of the motor, and the opinion is held by many 
engineers that the presence of this hydrogen, in spite 
of its great fuel value, is a positive disadvantage. 
Engineering progress is not as. a rule along the lines 
which are technically the most desirable, but along the 
lines which have been set by economic necessity, and 
as a reason, though not a technical one, for the con­
servation of the present type of motor must be reck­
oned the natural inertia of the existing order. This 
is inimical to revolutionary policies. From a business 
standpoint the introduction of a new fuel for use with 
the current equipment is a vastly better proposition 
than the introduction of a new type of motor to burn 
a new kind of fuel, no matter how good the latter may 
be. Also it must be remembered that gasoline will for 
many years be an alternative fuel. In fact, in some 
localities it will continue to be the only fuel obtainable, 
and as the automobile in its capacity as a long-distance 
vehicle has no fixed base oL supplies, it will be neces­
sary for it to be able to get along on gasoline on occa­
sion, at any rate until the coming fuel is so widely 
used that a supply of it can always be depended on. 
NEW LINES OF RESEARCH. 
If, as seems to be the case, the long supremacy of 
gasoline, and other causes of a less ephemeral char­
acter, have left a permanent stamp on the design of 
the automobile motor, then it is to the chemist that 
we must look not only for aid in the fuel question, 
but also for information about the phenomena of com­
bustion, to enable us to use the type of heat engine, 
which we have to the best advantage. The time has 
come when physical and chemical reSearch must sup-
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plement a too narrow devotion to the purely mechani­
cal side of motor engineering. To quote Prof. Vivian 
B. Lewes in this connection, "The engineer relies upon 
his indicator diagrams and tests of horse-power for 
information which could be much more easily obtained 
by analysis of the exhaust gases, an.d if this' method 
of investigation were employed important advances 
would very soon follow. Analyses of the exhaust 
gases from motor engines are remarkably scarce. In­
deed, I do not know of any in this country. But Mr. 
Sorel, in 1903, published in France some results in 
which he showed that with a motor running at 1,061 
revolutions per minute and using 382 grammes of gaso­
li ne per bra.ke-horse-power-hour, the products contained 
unburned compounds which represented 82 per cent of 
the hydrogen and 42 per cent of the carbon present in 
the original fuel, thus reducing the heat value of the 
gasoline used in the cylinder' from 11,278 to 5,085 
calories." 
Almost identically' the same contention is urged by 
Dr. Warschauer in a recent address presented to the 
Association of German Chemists of Berlin. "Until 
now the design of vaporizers for diff.erent kinds of 
fuels has been determined entirely by empirical meth­
ods. Right here the assistance of the chemist is re­
quired by the automobile engineer. By systematic 
qualitative and quantitative gas analysis data of great 
value can be derived regllrding the character of the 
combustion of fuels. To take an illustration from the 
field of illumination, I will quote one of the most im­
portant' propositions from Stepenoff's
' 
'Theory of the 
Kerosene Lamp.' It is as follows: 'The efficiency of 
the lamp is best determined by the analysis of the 
gases given off.' The same truth with a suitable 
change in the wording can also be applied to the ex­
plosion motor." 
The analysis of the exhaust gases from the explosion 
motor, important though it may be, is however, only a 
step. It reveals the last stage of. the complicated re­
actions which haye occurred during the expansion 
stroke, but it affords .little information as to the actual 
nature of these reactions or of. the heat changes which 
accompany them. If carbon be slowly oxidized in the 
open air, as in the decay of wood, or almost instantly 
consumed behind the piston of an engine, the amount 
of heat liberated and the final product are the same. 
The difference is not in the process, but in the condi­
tions under which it is conducted, and the final goal 
of the work of the chemical engineer is the determina­
tion of the how, why, and when of those factors, 
which in the case of the decaying wood and of the 
burning fuel are so widely divergent. 
ACTION IN E;XPLOSIVE MIXTURES. 
Some of the results which are coming to light in 
connection with the study of the energy transforma­
tions which occur in the motor are sufficiently start­
ling. Thus it appears that carbon monoxide is abso­
lutely inflammable in the absence of water, and, fur­
ther, the velocity with which an explosion in a mixture 
of this gas with air is transmitted depends on the 
amount of aqueous vapor present. Again, there are 
reasons for believing that the propagation of the flame 
in the cylinder of a gas engine is not by direct inflam­
mation, but by the adiabatic compression to pre-igni­
tion point of successive layers of the mixture. It also 
seems that the old belief that carbon will burn to 
carbon dioxide in the presence of an excess of oxygen 
is not altogether well founded. Under certain condi­
tions the lower oxide is just as likely to be formed as 
the higher. 
The fact is that the idea that during the expansion 
stroke of an explosion motor the carbon and hydrogen 
of the fuel simply burn up more or less quickly must 
be abandoned. What really happens -is infinitely more 
complex. Thus every reaction which can occur in the 
cylinder is reversible within the temperature, pressure, 
and concentration limits of the cycle. Moreover, it is 
probable that the combustion of the mixture is far from 
being of a uniform character throughout its mass at 
any given moment. There is reason ·for believing that 
different reactions may occur simultaneously at differ­
ent points of the working fluid. It is. possible, for in­
stance, that water is being formed and decomposed at 
the same moment during the same explosion. 
Speaking of the investigations which are actually 
being made at the present, the determination of the 
rate of heat flow through the cylinder walls and the 
estimation of the specific heat of carbon dioxide at 
combustion temperatures are the subjects of recent 
monographs. The latter quantity is important in con­
nection with the phenomenon of suppressed heat and 
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in the determination of the proportion of a given quaN­
tity of hydrogen or carbon which can be oxidized 
under given conditions. 
MI,XED FUELS. 
As there seems to be little doubt that the fuel which 
will take the place of gasoline will be a blend with an 
alcohol base, it is becoming important to be able to 
trace the effect of each individual ingredient in a mixed 
fuel. It may be pointed out that the properties"of a 
blend are far from being a mere statical average of the 
properties of its constituents, for each admixture has 
a functional as well as a quantitative effect on the be­
havior of the whole in the motor. Thus the addition 
of acetylene to alcOhol by accelerating its combustion 
, in the motor increases its efficiency. Lastly, it may be 
mentioned that the increase of the calorific value of a 
fuel by blending has no effect on the specific power of 
the motor in which it is burned. The maximum power 
of a given motor is independent of the calorific value 
of the fuel which is used in it, the popular belief to 
the contrary notwithstanding.-Iron Age, 
SALT GLAZING_ 
SALT glazing is applied only to low grades of earth­
enware. Common salt is employed, not only because 
it is the cheapest form of soda, but also because it is 
volatilized at a low temperature, about 1,650 deg. F. 
The furnace is regulated to give a reducing flame, the 
effect of which is to reduce the oxide of iron in the 
clay. The salt is then thrown into the furnace where, 
under the influence of heat, it reacts with the water 
vapor which is' always present, forming caustic soda 
and hydrochloric acid. The soda then combines with 
the silica of the clay, producing sodium silicate, which 
fuses and forms a glaze, the color of which is brown 
with an oxidizing flame, gray with a reducing flame, 
and greenish gray with a very smoky flame. 
The formation of bubbles in the glaze is due to the 
presence of sulphate of lime in the clay and the em, 
ployment of too high a temperature. The sulphate of 
lime is decomposed by the carbon of the fuel, forming 
sulphuric acid and c arbon monoxide. If the tempera­
ture does not exceed 1,650 deg. F. the clay remains 
porous and allows these gases to escape, but if the 
clay is heated above 2,000 deg. F. it loses its porosity 
and retains the gases in the form of bubbles. If the 
surface of the glaze shows a slight roughness, resem­
bling that of an egg shell, the glaze has not beeJil 
completely fused. This may be due either to too low 
a temperature or to a deficiency of salt. In other cases 
the glaze, though glossy at first, becomes dull in a few 
hours. This result is due to too rapid decompositioN 
of the salt. The acid vapors are driven off too quickly 
and completely so that the alkaline vapors which the 
glaze evolves in cooling are not neutralized and tar­
nish the surface. 
So much time and care are expended by manufac­
turers in turning out well-painted and beautifully 
trimmed cars that it is bad management not to give 
more attention to their washing and polishing. There 
are at least fourteen coats of paint on the average 
body; the leather is of the finest :machine-buffed or 
hand-buffed quality, and the best grade of curled hair 
is used in upholstering. Yet the owner or user knows 
little or nothing about cleani.!1� and. dressing a car. 
Linseed oil is the life of all paint, and soap made 
from it retains enough of its properties to act as a 
preservative of paint and varnished surfaces. The soap 
must.be made by a special process; it must be strictly 
neutral, and contain not even the slightest percentage 
of free alkali. Alkali attacks paint and varnish as 
soon as it comes into contact. A perfect soap is one 
in which a chemist cannot detect even the slightest 
trace of alkali. It must be free from rosin or any 
other harsh or gritty substance liable to do injury to 
the finish. Properly made, it is soft and transparent, 
a little heavier in consistency than vaseline. Such a 
soap acts aS'a solvent, and removes the dirt, grease. 
and grime by carrying it off in a thick heavy suds. 
Another excellent soap is made from green oil, and is 
used particularly in washing off the oil from a car. 
H does not harm the finish in the least. A raw soap 
standing on varnished surfaces has a tendency to 
soften the varnish if allowed to remain too long. Con­
sequently, soap should be thoroughly dissolved before 
"ashing the car. If the vehicle is dusty, and the 
suds should fly onto the dry dust and be allowed to 
stay, they will spot the body. But if the car has first 
been gone over with the hose, the suds have no effect 
on the varnish. 
